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(57) [£#)] 

[8MB] h 5 y f»J6SlO«ft^y K«Jft 

(C&t^T 3 0 0MHz .W±©ii5Jf &fEIS®)f££ Wf££T 

flr^Wfe^ftBswraii!— ©«tt»wt. sec, 

«E»ih«cJ:*i«H*aBKSE**lrtEtb« 3 0 0MHz 




1 

hmwui mmmmz^m-r^mmz^x, mmm 

fflit* WlMm»±1&fa't*KMe¥*y'?Mt* ems 

i^JlIifrWJf J&»"3. INK*— ©8tt«M*£flfES8 
-©Btt»*^«HTX7^7'y >^ffi£fl«iU »— 

t5> <=> E@iSW£flJ t J4S*#0»*fi ••C«fEIB-0«tt» 
»fcttE*HO«ttaW*«*ttatl. f&-<hft5H©S814 
SWiMEE^ y yea* 5 #-T *UBI©fi£ttiSJgj&*l*3 
W©jK1^<hH^&&^tt<fc9ift^jSfiB^£#U 

»*flij«r*i6oaittJ*iicjtun»36»** ^«<t o its 

v^fna*«a*Jf&. SSlc. tfiEfH— ©ffi&ttgW. 
iEEg^t-y^i. f&E»S=:©«te»**. itrE«=© 

if8M8&^>-.y F. 
[■MSB 2] EftMEflcJCifiJfc-rSiMlCtS^T. E®«t 

gl5«t> E»«^<t*tfilT*E«3 : -V'v:7'lii. EflRft 

«»©«««■!*» ©««»** 

WE*— ©«tt6Wt£MEi6 

tta5W«co5x7^7 U >^®lcifi^8i«Ttef?rESfi— 

t»»^rfi:jiriiiElB— o«tt»*tt*»i^T»fiJtL. $ 
&fc*©*iffl©«tt^iltrEIS=©tttt»**#&*SS 

«J:t)!fiS^aa*S*rU. *o. WEE©* 

Hz. grES-atfeaJt*. iEEi^t 7 ItlEflS 



(2) #P 2001-297409 

2 

F. 

[W*3S3] 8=©«tt»«**i«-r*«tt*«©E» 
**y^)i*6aTrt«IO«tt»iliUTJUMt4 0M 

t-5«*js i at; 2 ©»r»rn*»KE*©»Bt«»^y 

10 nmW&rty9 3>4H;bmii>?>, *=©«tt»tf£ 

1 7bM3©i»m*WcE«©J»tta»^y F. 
©XT— >^®A^«-fc^*St©W{C0. 5am 

vvrft**lcEtt©»fflt8SC'^ F. 
[11*91 6] KTEJB— 0«tt**Tiai*i:OlBlfc5/-;i/ 

n^(cE«©SttfiS^y F 
[%0J©P«ffl^I5JBJ] 
[0 0 0 1] 

yh'CiO, 0 0MHzJW±©iS5JiS!E»£flf! 

^sfcffafcWBta&^y F©«ij«»cwr*. 

[0 0 0 2] 

30 m&o&m] ti^sfits©Ete <ea) getc«, 

*jto&E&rt«E*««ICtt¥W<M^UjWfllr>Sft. 
^:**j&^^»Htt*«B**n4*1-fflE»8«fc»iatt 

[0 0 0 3] ^B. JBttff^^'JfUfflOiatti. 8»f 

6n*E»«tfl£^tt. A 1 S«ftV>LtiW|}®7'- ^± 

[0004] i3i:, *aw©ami«si^y F*«awB 2 
(a) a. mmvw-m®. (b> awisiaT**. e@ 

Iftll CO«TWtOI^ll-l~ll-4T 
50 B#tHIIE-r**tt€:*r*. 1^7h'H 7-A10 



(3) 

3 

1 •^LTD-iS'UT^iX-^ 1 3tc3d#$n5. 
WO->3/10 3lt fflfct'v.y K 1 2 £E»flf# 1 

0. ^— X 1 0 2 lc£tC$Dtttt£>nT^-5. 
[0 0 0 5] a^7Hl2ll o-?iJ7JfiX- 

&v»waw£ «**aib) m&z^mTz. z\n&mw 
r«ia»t>±E«*iflaia»4:#to-a-T«*ia«n 4* io 

[0 0 0 6] h* 1 2Kig§*$n&tiHS©Ee 

jft»&#MES*l*. Eft SP2 ltt, a«££ 

3-f ;U2 6 t c:n*±TK:fitr«ttffl5*t (fiSffi) 2 7 t 

[0007] ff^gp 2 2 «, a&uatfias**? 2 3 

«2 9«»6«lJft$4a«. J&ttgRtt (tttt) 2 811 dtl 20 

& Eft (»#&*> a5<ts± w©ihik:#*e 

t>*«Ef*. £*lS©«««tt. S*£6 2 Ji(cTtfeB2 

[0 0 0 8] ±E*#*S!:M.>U2 6R£HKaUB3ft3&* 
^ 2 3IJi3 JC^Ti o CEftB££#lfT T Z> Re a 

d/wr i t e i c (B«*f) tm.m.mzmmvr^ 

•5. 

[ooo9] tE#©m»E»s«-rtt. E»*s«ttm^ 

B5<£>Jf ftfeli 1 0 OMH z £S*.&C:£:(4fe7!>^/ , Co b 30 

tg£7 5MB/sj^±(ci«se)^^ntt*^e^^-r, — # 

7 5 MB*— «JW8 try hT?2f-^Of«*E 
it-SttSt (7 5X8/2) MH zjy.il, TUt> 
t>. 3 0 OMHz«±©Hj«»T?«liEf *E«^y H*« 

[0 0 10] fl^T^X^gBWttGgfa-hf-iS^T. ± 
EK»^fclSBftfl:£#K:E««B©ra± , b#tirK:aB 

££teW"3*Tt>fc^. iaS#OlP]±^ffl^oT^ 40 

[0 0 11] E»fBfiO|fl|±fcKLTtt. #JAtt*4#M¥ 
1 1 - 1 6 7 7 0 5^. 1 1 -3 1 2 3 0 3^ 

ttpflxp 1 1 - 3 1 2 3 0 4#*©&«T«fc&««flMi 

^asg^nti^. iw*$nfc®ai*j*£B4 ic^-r. 

l t3<;n£fitr»«3 2 £«»&*IgTf£«U 
[0 0 12] Efth7y^©««&B«6*fc»i>lCJ4. ^ 50 



2001-297409 

4 

fa^WtC^iB (ftffclflKte. 0. 5«mHT) CDmm 
3 1 OW^gtAii. U^U&3&»&, 113 1 CD/ 1 ? 

^^113 2 ilWcfcCfcS /X* 
M/5;xh©BIJPfc»Mni]Sl±oa3l (5888 3 1 

[0 0 13] £©ffll^«W*-r*;fcaK:»«3 1 tKI 
3 2©^fi)c£#ltlL, *TK»*fc»V»«©^--> 
$W#R&««3 «f«MK»B©** 

ft»r#**. ^C^ftlciO 1 Mm£rF©^M#^i££ 

fr*S, @©«?ttv'-;H 5 2 8±\zeh&.<DK9—>rtf 
Mf$2tlT^2>. etlli. E&M3 1 £VX£MC->— Jl/ F 
2 8©^ffi£-f:*>5 U >^ffiTl7f>^LTML 

o , z\<DBVt\z\tmmz v&&'pti < -rz>&) 

[0 0 14] ±&(Dffl7ikmiZ&2>m^y FlC&tt-S, 

SfiigtfBtfcD »£*>©■?«&•&. L*>L.&a<&, <%&© 

i&<tomm^t&.m.2it, 3 0 0 mh z <D&mmzm$: 
mm-rz&mzm-rztHm*. n^tstat^mzn. 

£*nTt^ttl^. t>T*M^P|SFl 1 - 1 6 7 7 0 5^ 
C*5UT. 04lC^T8tti^2 8W3 2©'>&< <h 

— t D-r t <Dttmz&\,*T&&in.ttm-x?mi$.T 

Srj&^T 1^3 ©<£--?&£. ^Wg|S^T3 0 0MHz 
©»HjftE»**S-r*ca:J4T*fe^. 
[0 0 15] 

[»lH*<»ftLJ:5£T*WH] EtfcKfiOttlBtt. E 

te^atEft, tt*muB#©»^xtf— Ficj^TWflG 

§3 0 0MHz ©S5d«Eft€rjt^r-5«fi£ICMT-&M 

[0 0 16] #f£BJ3©SlW4. «i6*<K5h5 7^ 
JSffloaiR^y F«ittC*5ViT3 0 0MH z £Lh<Z>i«Jl 

«E«»f^s?ifiBfr*«rasaa«i«. a*^r<. «r 

[0 0 17] *»A»*»|)taft^y HORifttU 



5 

TpTft. 

CO 0 1 8] 

***t*lcj»«*»*K:J:*Kli«l[Wt©*<ttlW± 

*HiM*tt©|fi!l±**IS!Lfc. 
[0 0 19] Sfc, *»3ft»**ft«ttHO|l***>-&K:J: 

«©3kSl«a± , b#t>-&T. WNBA's 9 FOJSHaMStt 

[0 0 2 0] WKBSt'sy KOflMttLT, £f\ 8E» 
tt^taftTSJS— ©»*»»£« Wi;<BEeMt#t» 
|6]U h79?©i|i£«£Tft&fa^M&-+8!4I£ 
#-r*«— ©«tt8M**5K:. ^— ©«tt8M*£5S— © 

yufcis^awiit*** •> ^ e.«tnfc<a:fg©®ttig 

[0 0 2 1] ±E*f— »tf»S=«!>«ttaWfc*H 

Jt * *rr ft BttMt & KB L fc o 

[0 0 2 2] l7^ty7i!5^S^S*ttlBT 
Oft— &ff=©8ttV#4>£ISK:&V>T. #E9©«ttW 
0S-^fiE$-e-ftCt{C«fcO, *f£M©*Bl«St'Ny K© 
SSittciJ^T, ■5-©7 r D-fe7.©(S^'(t€'0tjfc. 

[0 0 2 3] Sfc. *3©«««»«:flrarr*»JMt© 
— SPtCjtfita4 0 (jQ- cm|y.±©?fJK£jgJBL7c. 

[0 0 2 4] JB = ©«tt»»t(l&©«tt»t*3&*» 

art-**. *«tt»iioKBm*3«disicit/h**Ttto 

[0 0 2 5] *jfc. ^3©ESffig[5W©itFf2iKOgBt^2 
©HfclSSWOxy-^TU >d/®*^*.fc^SSt©MtC 

[0 0 2 6] 

[»W©*«©»H] *fSWOSH*©»«*S*ElH»IKl'b 
ttJ*HM*#fiiUTlttWr*. H 1 te#f69*f©#S— © 

2 2<tiE@8S2 l^Steft* 5 . *%W©S**i3g:W. £ 



(4) 4$n 2 0 0 1 - 2 9 7 4 0 9 

6 

©iBsa5 2 1 ©«fiKtc$>fto £t\ ccoie^gp©^— © 

»ttfiM*2 8(2. «£SR2 2 ®->-JP FJBtffi»a©T 
8HB«©*AE«:*ffl-r*. C©±ic, 7)l£i-fre>mi& 
SftSIEft** 7^15 1 &BEBU £ <=> l;:m-©fi&14 
»W3 1 £BEB-f ft. fB-©«te»« 3 1 ttftgattft 

3 1 i8— ©««««S«»tt«::lS£-r* 
*=©»«»** 3 2£«SBiafilCBEfiU6Bi^[51K<£«fiX 

"ffto 

10 [0 0 2 7] #«iima. E»»£«J«t-*att^© 
#*£«»©«tt»«te*BLT*J*U #ffiS14»S«© 

fc^/* $ nfc« t & ft & 9M»hk£ utt&tt 

■^15 1 tft-r k45^»t, unsfliisTs 
*ssa«^©f*3. iH^^r 7^15 1 hmt&M&m 

^^©^(c^ftdt^asbtn fcfc'L, Btr#©es 

[0 0 2 8] #HJ6WC*5^TA#B«Ifc:te, iKttsSfflt2 
30 8 - 1 ^tffilM2 8 - 2 CDttM^gftSlf-Oitt 
gW2 8tC*5UT, E»*t!yri5 1t»nittJI 
I28-2SCO. Ni, F e<D'J>tt<£.h=.7tm&S 
V, Bs (fiSfOfflfcSfcSBaO «2. 0rX5 

(T) . KJ9I2 0. 5/xmT&ft. IEi^t7^8 1 
tSSUT^^«tt*Bt2 8 - 1 128 ON i -F e (ffi 
*JtN i#80atX; &TH«**) 0>6tt9. Bs 
#1. 0T, MJ9tt2. OwmT&fto Lfc*bT, 12 
g^t7^i5 1 £ft-rstttt*Mft 2 8-2 jWE»*V 
<;/7«8 1 4:*bTWftVUBtt*JK2 8 - 1 ckOfefiSft 

40 aa^s©iSt»sait?#iKt£oTVift. 

[0 0 2 9] BSttSIBI 31-1 <hfi&tt»fll 3 1 - 

2 0fRMK^&ftSffS=0BttflM*3 1 IS 
g*t77I8 1 t»-rftmi4»^ 31-l^Co, N 
i, F e (D'pfc< i ! bH7C^# i £>&ft'aii>;fr> i =>feO , B 
stt2. 0T, ^0*50. 5/imT£ft„ fES^-V^y 
^5 1 C gLTH)S;^ittII3 1 - 2te4 6N i -F 
e*»5fc0. BsAU. 6T, MJ?^*2. 

ft. Lfc^T. E8*t7yi8 1 i^-TftlSittSfJi 

3 1-1 ^Ett^-v 7^15 1 t»UT^«tV»«tt»« 
50 3 1 - 2 ± 0 feftftBIWaEOKWlltJIltttoTH 



*. X7^7'J>^ffl« 
fc«i#rttIE»^+v:/IH±<Blfc*JB (E1505 4) £ 

[0 0 3 0] JB— R^JBHO«ttWttt*sv»T. 
fE®=F-r 5 1 *>5*T*MM»;:&as*s©iS^ttM£ 

WT3ai4M£KBT3£Uo,&T«. WMtD^— com 

&Btf-cteftm<nmtiLMm 2 8 - 1 *<rt«o«tt*j»2 

8 - 2 J:0»l»aaW**UT*0. ■?-©«*: 5 fcEBi: 

ON i -FeS!3 2-3*B2fiU dcoSBHC-attSR 

fgSgck 0 Sa^Ote^ 4 6 N i - F e (DiW& 32-15: 
SEBL-fco BUPte. 8 0Ni-Fe**2. 0(im, 4 6 
Ni-FeAU. OymT^-5. n ©SSH£>att8Mm 
X7^7'J >^®tCifi^Mt£TtelB— cDategW-ki'W 

(@5«54) *J;£«»JK:i^;i'£fitrt6*JB± (0 5 

[0031] cdT^HwfflSffiaptJ©rt#Jsat£?SMi-jg 

ffiLt46N i - Fe K>it*&tn«4 0 m Q— c mT* 

jIBSSiEO^Sr^it-r-s^ttcab-s. Jtig;trE**iS v> a <fc* 

[0 0 3 2] .©ift^SJilitt- *§H©«tt8M* 

s *Mtt^ U^jWSTU 

[0 0 3 3] JB = 0«tt»»3 2S»l«-r*fC»UT 
(±, B 1 tC^bfci^tC ^©5fciffig|WX7^7U >^ 

mm^omnxmm-r^ h ? 

[0 0 3 4] ±I20lB^g|5 2 1 t«i*--&t)$n^>0 1 <D 
m±B2 2\$. S«6 2<Z>±lcTiftlB2 4£4M,T. SB 
£6M*2 5. t!2 9, agCUKtttt**? 2 3<ff*»SJB 
fi£$n-&. JS-©«tt»tt 2 8 - 1 ttWffel*K:W:«ttaS 



(5) ^2 0 0 1 - 2 9 7 4 0 9 

8 

[0 0 3 5] ±Ba©«ritt*JlriTH*»2 2®-> 

-;WF0tK»»©T»««£A 1 203. Si02, 

WCisUTfc, fEMk^-v y ^&jfi^->— ^ KJf «Sa 

[0 0 3 6] ±e«;:i!g'<fcl£»«tE»©*ifitt, *n© 
ifitJEtoT^a. uncsu tMiftt, sb— ©a 

20 [0037] -r&^-s, b 5 ic^tib— (nrnmrnx-iz 
E»flfr»t»ifi]-r*iB— o«tt»*r2 8 <h« rii;<is» 

^ffi*I£WT&IB— cDai4SP*3 1 . SgxecattgRtti: 

^7 'J >yB*>Sigv>&:£teBTii(riEM§— 0DaitfiB#2 
8 tats u sstc IB^©ai4gB« 3 1 £&W<Dm& 

gp«3 4^a^Mi-iis^-r-g>^HroaMgRW3 2*>e>a 

«*nfcJ;^(clH^vy7 K g±w*fei^S5 4, Sln-T 

mm oEt «is— conmm tc *> v>r *> ram-?* ^ . 
[0038] d©*ittt> SB-wattgRtttSBiawa'tt 

CMP «t¥««W*) XST-m-Wait^i^ESCD 

y K Rift* 1 

40 [0 0 3 9] *Bg©att8MJ*J!lDiLfc±C«JtKfeV»T 

t-rs c t tc «t 0 ±ia^ 1 nmrnm t mm<DMmtfcftit 
[0040] /«t*3. *%bjt-«. m 1 ic^r J: P tC^H 

att^tc^oTXT^ru >^®tcjfigE-rsBR. i*a 
50 tt*K©wffi»&^««ciir/ha-e-Ttto»e 



(6) 

9 

M^^ttSiStt. f-7-.y£B&BJ£t"*B— © 

a«R<, ao. £©»#©Bs#Bv»*fr~F"Ctt. tt& 
Bfl;aB«fttf*B»£:fc0« IB»4h»IB&i&TS-a-Jft 

tb^s^frss (ten) ©atttaw io 

£B»U ttD*fcB*^Xy5WI»Rll,&lf»BniC 
5 BBLfc. d©IB&te. VXJ/^->0 

TBBTSZlfcJWti**. 

[0 0 4 1] »=©«tt»»©«D»l::T±Efc&'<*: 
«fc5fcB#©i)SB£fT 5fc*lc. *=©«tt»**B*<!: 
&0(&:B<0Bfl*£Bttbfc. B#;0*BBlCj&jfiLfc« 

Bx©«tt»#fc«9 4tB**Bjffiu o 

fc«B#a&K«Bb8fS®BB*<»enfc<&:*. B 20 
#&a^T-5i±IB^(!t4 HO. 5/im*5 1. 5 m 

[0 0 4 2] Sfc, W±B©v-;i'KB£:T8PBffi£# 
Bbfc*BK*sv»Ttt, »— ©«tt»*fa*T»«S©« 

Bsl, EB^-r y UBftfcB (BBsB©TB 
M) l;46NiFeI (iSB s BtCit^JtairEp^iS 

c ©bbs t> ©w^s ir i a* a n * t Br 
t^ss^m caw a n* bgj t & * fc# . s&sws & 

EBBB©BB#d>fc<&*. IO»5, S^tB^3 

[0 0 4 3] 06 C*BB©BK«a^v FRtftfcBB 
MBB<*>? K©BB*EB»tt*JtBLTiRt,!fc. 
y Kfct>B£B?«KttHB©BBttB:»WIHIH t *B 
EBB^t*^©^— ©USEflUc^LfcEBB 

£\ B1£B 2 8 tt 8 0 N i Fell, B&JS 3 1 14 4 6 N 
i FeS, BttH 3 2 Ktt 8 0 N i F e JBSr-tn-^ftB 

t-ztj'f hUftt (dBffi) -C**. BH (a) AH* 
(b) tf*&W<D^v Ffc<fc*iiSBi&4#'tt©i8iJ5£^ 

fc3 0 0 MHz £jffi*£?SSBi8!EB»;:*5UT, 3 0dB 
CLhOB »BttB*«B * »* £ £ tfT * fc. 
[0 0 4 4] U±®XliffT9!S0>ttJ:5fc:. E»«M*: 50 



^rB 2001-297409 
10 

cifi»r*«««c4j^T. EB«M*£»fcrr*tt»<&« 

B*>&»BSftfc»— ©BttBttfc. BftoBttWK* 
S«Baftfc»H©«ttBt*£«#:«Ba-fr, * 
-©Btt»#iB^©tttt»#©SSBTX7 , 'S7' 'J ># 
ffi£«BU B-©«tt8Mm, ^©I7^7U>^S 
©iftttBBTttEB^lrvT'B-LCBBSn. flfciBLfc 
BBTttttBBSfl-LTBBSBDTBBan, g?=© 
Btt8WttCOX7^7 U >^BfciE^iteSBBttTtt* 
z:©«tt»«±fc»Batt. BiBL.fcBBTttEB^ir 

a&tc, COl7^7U >£fE3^'SEBB-ffcffi'J.!: 

B**#«*san, b— i«H©Btt«*tttEB3rw7 

B£#U EB*ty7it»-r*SHBjB-Rtf 
BxoBttBWrortBBteBBtt-t-n-fnB— 

©Btt»*tsBBT*B©Bte*BKJtLWBa*j:o» 
i/^fnm^ss*}^^. astc. t&Efi£ i ttaBW«>W{c«fe 
»^nanfc}ij«n-r;u<h. ttrEf?i-©58ttg&**> en 

B— B=©Btt«tt. RtfS 

U ««E»©»B»E»«fttS:^:«KlRJ-fr*^i:*« 

[0 0 4 5] a^JC, B— ©«tt»**£BH©«te«*r 
SBBa©«tt«WCBttU BB3©«tt»tti:B— ©« 

[0 0 4 6] 

mW<D®m *BBCJ:n«. «»©««»#&#* 

**©*B«tt»iit^6«fi!iU, *-ne.Bs©«BBtt 

ZUfflTZ>Z.t\Z<kiO. BBBB£. }S«S1t$rffli 
jkLfcttBTBB*BSK*BBBnrS^T**BilB»l 
AvHSSsatSHt^fc. ^©i&m, BBEBtc 
*3^T, E®S?ScD[p]±t^lcaS^S<tanT^feii5 
B*E»Wtt©*«fcB±*BSt- * - trfT'gfc, 

[0 0 4 7] ^KBttBIRttB'Ny F©C©ttBI2. ft 
BBEBfcBUfcftHc («Bi*) ©<«^tCiB5Jl&©E 
B «r Sl^-T * ±T?»ig-C * * . 

[0 1 ] ®Hffiff®*fltttB/"ty HB^ 

±B»©B««BB. 

[0 2 ] ffiS5©«»^y KB^^BBOBBBBH. 

[0 3] KMf-fXi'fESSIBOftKB. 

[04] ®i1i^'^? l ci:<"*fi£&#-r^.^3l5COam'\-y h* 
B^^BBoBBBBB. 

[05] 2 CDSBtWOllBMAy H«? 

gR©#rM0o 



(7) 
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11 

10 11 E»«M*. 12 iBM'N'vH, 

13 □-J'UTi'faX-^, 14 mHUHSS. 15 

2 1 umw> (mfz&z-m 22 n± 
gp (.wtfrta l») . 2 3 a&uatftaa**?-. 2 4 t 

tfelf , 2 5 TSPffiSS. 2 6 »J»3-f 2 7 ± 

mmm. 2 8*ioitt»» (->-;ukb) . 29 * 

S, 3 0 BEMfPJI, 3 1 ffi2 0tt1£«tt. 3 2 
ft 3 oSS-ltgW. 3 4 ft 4 ©«tt8M*, 5 1 Eft* 



10 



12 



t5»^l. 5 2 5 3 ±ffit&ftie. 5 4 

Cft^-f yyiB±©lfclWi> 5 5 *K3-f;US:fi 
trlfeMI. 6 2 S« K*fl0 ,101 7 

— A, 102 103 -y-X^>->3>. 2 8 

- 2, 3 1-1 %mmW&&M (Co. Ni. F e 
<D>)>r£< £h=K%fr'bf8.Z>'£&&&M) . 2 8-1. 
3 2-3 ililM(8 0NiFe:A-7D-i' 

g|) . 3 2-1 jftJt&SMg (4 6 N i F e : /t-7D 
-fK) , o a® X /3 «9fc*BMfc. T fttf 



[01] 



[0 2] 




[05] 



EH 5 



14] 



m 2001-297409 



[B3] 
03 

11 12 




<&m 2001-297409 



(72)fE?H# F^-A(##) 5D033 BA01 BA08 BA13 BB43 

#S5JI|»/hfflSmBllffm880*a 5D034 BA02 BB08 BB12 



Searching PAJ 



1/1 ^"V 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2001 -297409 

(43)Date of publication of application : 26.10.2001 



(51)Int.CI. 




G11B 5/31 
G11B 5/39 




(21 Application number 


2000-118536 


(71)Applicant 


HITACHI LTD 


(22)Date of filing : 


14.04.2000 


(72)Inventor : 


MARUYAMA YOJI 






ISHII SEI 








IWAKURA TADAYUKI 

| 



(54) THIN FILM MAGNETIC HEAD 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a new thin film magnetic 
head capable of high frequency recording action of 300 MHz in 
a magnetic head structure dealing with narrow tracks and having 
magnetic poles connected. 

SOLUTION: The new thin film magnetic head has a magnetic 
circuit constituted of a first magnetic member facing a magnetic 
medium, a second magnetic member facing the magnetic medium 
and having s geometrical dimensional width for regulating a 
recording track width and a third magnetic member magnetically 
bonding the first and the second magnetic members. These 
respective members are constituted of plural magnetic thin films 
which are laminated. And saturation magnetic flux density of a 
laminated film near to a recording gap layer of the magnetic thin 
films constituting the first and the second magnetic members is 
specified to be higher than that of its outside magnetic film and 
a high magnetic permeability U material and a high specific 
resistance p material are disposed on the outer magnetic thin 
film and the inner magnetic thin film which construct the third 
magnetic member, respectively, to form the thin film magnetic 
head. Thus, generation of a high magnetic field and generation of 
high frequency magnetic flux by suppressing eddy current are 
made possible and high frequency recording over 300 MHz is 
realized. 
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54) THIN FILM MAGNETIC HEAD 

57)Abstract: 

■ROBLEM TO BE SOLVED: To provide a new thin film magnetic head 
apable of high frequency recording action of >300 MHz in a magnetic 
ead structure dealing with narrow tracks and having magnetic poles 
onnected. 

JOLUTION: The new thin film magnetic head has a magnetic circuit 
onstituted of a first magnetic member facing a magnetic medium, a 
econd magnetic member facing the magnetic medium and having s 
eometrical dimensional width for regulating a recording track width and a 
hird magnetic member magnetically bonding the first and the second 
lagnetic members. These respective members are constituted of plural 
lagnetic thin films which are laminated. And saturation magnetic flux 
ensity of a laminated film near to a recording gap layer of the magnetic 
hin films constituting the first and the second magnetic members is 
pecified to be higher than that of its outside magnetic film and a high 
lagnetic permeability \i material and a high specific resistance pmaterial 
re disposed on the outer magnetic thin film and the inner magnetic thin 
:lm which construct the third magnetic member, respectively, to form the 
hin film magnetic head. Thus, generation of a high magnetic field and 
eneration of high frequency magnetic flux by suppressing eddy current 
re made possible and high frequency recording over 300 MHz is realized. 
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NOTICES * 

ipan Patent Office is not responsible for any 
images caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
In the drawings, any words are not translated. 



LAIMS 



:iaim 1] The field close to a record medium characterized by providing the following the first magnetism by which 
te laminating was carried out to the record medium from two or more magnetic thin films which counter - a member 

record medium and the record gap layer which counters the second magnetism by which the laminating was carried 
at to the record medium from two or more magnetic thin films which counter - a member A pneumatic bearing side 

constituted from an end face of a member, the laminating of the third magnetic member by which the laminating was 
irried out from two or more magnetic thin films is carried out one by one - making — and the magnetic member of 
te above first and the second magnetism of the above - the second magnetic member In the field close to this 
aeumatic bearing side, a laminating is carried out on the aforementioned record gap layer. It turns a laminating up. in 
le field which retreated, a laminating is carried out through the insulating layer on a record gap layer having - a 
eld with the third magnetic member near this pneumatic bearing side ~ the second magnetism of the above - a 
tember - A laminating is carried out on the thin film coil wrapped in the field which retreated by the insulating layer 
id insulating layer on the aforementioned record gap layer. Furthermore, the magnetic member of the above first and 
le magnetic member of the above third are connected from this pneumatic bearing side in a back position opposite to 
record-medium side. In view of the aforementioned record gap layer, the first and the third magnetic member have an 
utside magnetic thin film equivalent to an inside magnetic film, or have higher permeability. It has higher saturation 
lagnetic flux density, and the aforementioned first which touches the aforementioned record gap layer and the second 
lagnetism - the inside magnetic thin film of a member being compared with other magnetic thin films which 
Dnstitute the first and second magnetic members, respectively, and it being equivalent or Furthermore, the magnetic 
lember of the above first, the aforementioned record gap layer, the magnetic member of the above second, the 
lagnetic member of the above third, and the substrate that supports the aforementioned thin film coil 
Zlaim 2] The position close to a record medium characterized by providing the following the first magnetism by 
'hich the laminating was carried out to the record medium from two or more magnetic thin films which counter - a 
lember A record medium and the record gap layer which counters the second magnetism by which the laminating was 
arried out to the record medium from two or more magnetic thin films which counter — a member A pneumatic 
earing side is constituted from an end face of a member, the laminating of the third magnetic member by which the 
iminating was carried out from two or more magnetic thin films is carried out one by one — making -- and the 
lagnetic member of the above first and the second magnetism of the above - the second magnetic member In the field 
lose to this pneumatic bearing side, a laminating is carried out on the aforementioned record gap layer. It turns a 
iminating up. in the field which retreated, a laminating is carried out through the insulating layer on a record gap layer 
- having ~ a field with the third magnetic member near this pneumatic bearing side — the second magnetism of the 
bove - a member ~ A laminating is carried out on the thin film coil wrapped in the field which retreated by the 
isulating layer and insulating layer on the aforementioned record gap layer. Furthermore, from two or more magnetic 
lin films, connect with the magnetic member of the above first the fourth magnetic member by which the laminating 
/as carried out, and it is formed in a back position distant from this pneumatic bearing side. Furthermore, the fourth 
lagnetic member and magnetic member of the above third are connected. In view of the aforementioned record gap 
jyer, the first and the third magnetic member have an outside magnetic thin film equivalent to an inside magnetic film, 
r have higher permeability. It has higher saturation magnetic flux density, and the aforementioned first which touches 
le aforementioned record gap layer and the second magnetism - the inside magnetic thin film of a member being 
ompared with other magnetic thin films which constitute the first and second magnetic members, respectively, and it 
►eing equivalent or furthermore, the aforementioned first magnetism member, the aforementioned record gap layer, the 
forementioned second magnetism member, the aforementioned third magnetism member, and the above - the 
ubstrate which supports a member and the aforementioned thin film coil the fourth magnetism 
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laim 3] The thin film magnetic head given in either of the claims 1 and 2 characterized by seeing from the record 
? layer of the magnetic thin film which constitutes the third magnetic member, and applying the magnetic thm film 
>re than 40micro ohm-cm of specific resistance as an inside magnetic thin film. 

laim 4] The thin film magnetic head according to claim 1 to 3 characterized by connecting with the second magnetic 
•mber after making the cross section of this magnetic thin film reduce gradually and making a converging section 
•m in case the third magnetic member and other magnetic members approach a pneumatic bearing side from the 
ck-contact section connected in a back position along with the magnetic thin film which constitutes the third 

ignetic member. . „ 

laim 5] the third magnetism -- the converging section of a member, and the second magnetism -- the thin Mm 
ignetic head according to claim 1 to 4 characterized by establishing distance 0.5 micrometers or more between the 
ck end seen from the pneumatic bearing side of a member 

laim 6] The thin film magnetic head according to claim 1 to 5 which laid the magnetoresistance-effect element 
derground with the shield layer and the ground film, the magnetic film, and the electrode between the magnetic 
;mber of the above first, and the substrate, and was made into the record reproduction compound die 
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LTAILED DESCRIPTION 



etailed Description of the Invention] 

^technical field to which invention belongs] this invention relates to the composition of the suitable thin film 
ignetic head to start the magnetic head for magnetic disk units used for a computer, an information processor, etc., 
d realize RF record of 300MHz or more especially. 

Ascription of the Prior Art] Semiconductor memory and magnetic-substance memory are mainly used for the storage 
•cord) equipment of information machines and equipment. Semiconductor memory is used for the internal storage 
uch needs rapid access, and magnetic-substance memory is used for the external recording device as which large 
parity and a non-volatile are required. 

0031 The mainstream of magnetic-substance memory use is a magnetic disk unit and a magnetic tape unit today. In 
» record medium used for these, the magnetic thin film is formed on aluminum substrate or the tape of a resin, in 
der to write magnetic information in these record media ~ electromagnetism - the magnetic head which has the 
notion part (magnetic-head Records Department) which has a conversion operation is used Moreover, in order to 
produce magnetic information, the magnetic head which has a function part (magnetic-head reproduction section) 
ing the magnetic-reluctance phenomenon, the huge magnetic-reluctance phenomenon, or the electromagnetic- 

duction phenomenon is used. . 

0041 An example of the basic composition of the magnetic disk unit by which the thin film magnetic head ofthis 
vention is applied to drawing 3 is shown. This drawing (a) is a plan of equipment and (b) is a cross section. The 
cord medium 1 1 (two or more media 11-1 to 1 1-4 constitute from this example) is directly linked with the motor 10 
id has the function rotated at the time of informational I/O. The magnetic head is supported by the rotary actuator 13 
rough an arm 101 . A suspension 1 03 has the function which forces the magnetic head 12 on a record medium 1 1 by 
e predetermined load. A predetermined electrical circuit is required for processing of a regenerative signal, and 
formational I/O, and it is mainly attached in the case 102. 

(0051 After the magnetic head's 12 moving with rotation of a rotary actuator 13 in the 1 1th page top of a record 
edium and positioning in arbitrary places, record (writing) of magnetic information or a reproduction (read-out) 
inction is realized. The circuit which controls this also constitutes the electrical circuit 14 together with the above- 
lentioned digital disposal circuit. , . . . 

)0061 The informational record (writing) and the informational regenerative function section which are earned in the 
lagnetic head 12 consist of structures shown in drawing 2 . The record (writing) section 21 consists of a whorl type 
mT 26 a magnetic member (magnetic pole) 27 which wraps this up and down, and a magnetic member (magnetic 
ole) 28 It is combined magnetically and both consist of [ both ] magnetic-film patterns. 

)0071 The reproduction section 22 consists of electrodes 29 for passing a constant current to the magnetoresistance- 
ffect element 23 and an allotropy child, and detecting resistance change. The magnetic member (magnetic pole) 28 
xists between these record (writing) section and the reproduction (read-out) section, and functions also as a shield 
rith the magnetic member (film) 25 at the time of reproduction. These function parts are formed through the ground 

wer 24 on the substrate 62. ^„ , . „ t j 

D008] The above-mentioned whorl type coil 26 and the magnetoresistance-effect element 23 are electrically connected 
/ith Read/WriteIC (not shown) which performs record reproduction as shown in drawing 3 . 

00091 In the conventional magnetic recording medium, the frequency at the time of record and reproduction did not 
xceea 100MHz However, in the future high-density magnetic recording medium, if a data transfer performance is not 
aised to 75 or more MB/s and it is an oak, supposing it records the information on two data by 8 bits a round term 
75x8/2) more than MHz, i.e., the recording head which functions on the frequency of 300MHz or more, is needed [ in 
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* and 75MB per second, J from the need of making a lot of data outputting and inputting for a short time. 
>010] In the improvement in a performance of a magnetic disk unit, it cannot be overemphasized that improvement in 
cording density is also very important with RF-izing described above. Improvement in both can fill the demand to 
iture highly-efficient-izing conjointly, and both relation is deep in the meaning. 

>01 1] About improvement in recording density, new magnetic pole composition is proposed, for example in official 
ports, such as JP,1 1-167705,A, JP,1 1-312303,A, and JP,1 1-312304,A. The indicated magnetic pole composition is 
town in drawing 4 . The common feature of these examples is in the point which produced the magnetic pole 31 
hich determines recording track width of face, and the magnetic pole 32 which wraps a coil at a different process, and 
is been connected at the subsequent process. 

>012] In order to raise the density of a recording track, formation of the magnetic pole 31 of narrow width of face 
pecifically 0.5 micrometers or less) is geometrically needed. However, if patterning of a magnetic pole 31 is 
srformed simultaneously with the magnetic pole 32 which wraps a coil after coil formation like a head before, the 
vel difference (magnetic pole 3 1 corresponding point becomes thick) of several micrometers or more will be 
-oduced in the thickness of the photoresist for pattern formation, and the pattern formation of narrow width of face 
ill become difficult to a magnetic pole 31 . 

>013] In order to solve this difficulty, after it separates formation of a magnetic pole 31 and a magnetic pole 32 and 
itterning of highly precise narrow width of face forms the required magnetic pole 31 first, ** truck-ization is enabled 
y forming the magnetic pole 32 which wraps the coil which has tolerance in precision at a back process. Thus, when a 
lagnetic pole is formed separately and made the composition to connect, there is the advantage which can form the 
tagnetic pole of a ** truck, without being influenced of the high level difference produced after coil formation. It is 
lecked that the width of recording track which has the geometrical size of 1 micrometer or less by this method can be 
>rmed. In addition, in the example of drawing, the shield 28 convex-like pattern gamma is formed. This ********** s 
le front face of a shield 28 by the ion milling method, and forms a magnetic pole 3 1 in a mask, and it is indicated that 
lere is an effect which lessens record bleeding in this configuration. 

)014] Realization of the ** width of recording track in the magnetic head by the above-mentioned example of an 
idication may serve as effective basic technology in a raise in recording density, however, it is made to develop into 
:alization of high-frequency-izing which is another electric power technology division title in future magnetic- 
wording technology, and the content about the technology of realizing 300MHz RF record is not included in the 
tdicated well-known example It is only having compared, when at least one side of the magnetic films 28 and 32 
lown in drawing 4 was also able to be constituted from high electrical resistance materials in comparison with a 
srmalloy and a permalloy's was used in that case, and having said slightly, that the eddy current loss at the time of 
sing RF-ized can be reduced in the publication number No. 167705 [ 1 1 to ]. 300MHz RF record is unrealizable from 
lis content of an indication. 
)015] 

'roblemCs) to be Solved by the Invention] The performance of storage cannot be overemphasized by that large- 
ipacity-izing and shortening of the access time are indispensable in order to heighten the product competitive strength 
evaluated by storage capacity and speed of operation at the time of record and read-out. however, the technology 
idicated until now is restricted to the technology for realizing ** truck-ization, and attains the RF record which is 
mother target, and the 300MHz RF record which is a future important technical technical problem above all - there is 
o indication about composition 

)016] The purpose of this invention is above all to indicate [ the new magnetic pole composition which enables RF 
jcord operation of 300MHz or more in the ** truck correspondence type magnetic-head structure which connects a 
lagnetic pole, and ] the new thin film magnetic head. 

)017] Furthermore, the structure which can simplify the process is also doubled and indicated in manufacture of this 

lin film magnetic head. 

)018] 

vleans for Solving the Problem] In order to realize the above-mentioned purpose, the following means was used in 
lis invention. First, each magnetic member which constitutes the record function part of the thin film magnetic head 
'as formed by two or more magnetic thin films, and the magnetic properties which have not been realized in the 
ombination of the conventional monolayer were realized, while making the magnetic circuit in which strong magnetic 
eld generating is possible form from the magnetic member used as the pair formed in the medium opposed face, it 
onsidered as the structure of preventing degradation of the RF property by eddy current generating, and these meanses 
jalized improvement in the RF property of the thin film magnetic head. 

)019] Moreover, while aiming at improvement in a fundamental property by magnetic-circuit composition by the 
ombination of these two or more magnetic films, the magnetic field distribution and the improvement in improvement 
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'magnetic field strength depending on the geometric structure containing a size were also doubled, and further 
iprovement in the RF property of the thin film magnetic head was realized. 

>020] The first magnetic member which counters with a record medium first as composition of the thin film magnetic 
sad, the second magnetism which has the geometric size width of face which similarly counters with a record medium 
id specifies the width of face of a recording track - a member — to a pan A magnetic circuit is constituted from the 
ird magnetic member which combines the second magnetic member and the first magnetic member magnetically, 
id these magnetism — the laminating of two or more magnetic thin films is carried out, and each of a member is 
mstituted — both — the first magnetism — in the magnetic thin film which constitutes a member and the second 
agnetic member respectively, saturation magnetic flux density was made high compared with the magnetic film of a 
)sition which is separated from a gap in the cascade screen near a record gap layer 

1021] Moreover, the magnetic film which has the property in which permeability is high, in the layer which keeps 
vay to a record gap layer in the above-mentioned first and third magnetic members has been arranged. 
»022] moreover, the first in a back position distant from an air gap side and the third magnetism - in connection of a 
ember, simplification of the process was attained in manufacture of the thin film magnetic head of this invention by 
aking the fourth magnetic member intervene 

1023] Moreover, the thin film more than 40micro ohm-cm of specific resistance was applied to a part of cascade 
;reen which constitutes the 3rd magnetic pole member. 

1024] Moreover, when the third magnetic member and other magnetic members approach a pneumatic bearing side 
om the back-contact section connected in a back position along with the magnetic thin film which constitutes the 
drd magnetic member, after making the cross section of this magnetic thin film reduce gradually and making a 
mverging section form, it was made the composition connected with the second magnetic member. 
>025] moreover, the 3rd magnetic pole the aforementioned converging section of a member, and the 2nd magnetic 
Die — distance 0.5 micrometers or more was established between the back end seen from the pneumatic bearing side 
fa member 
)026] 

imbodiments of the Invention] The gestalt of operation of this invention is explained with reference to a drawing 
ised on an example. Drawing 1 is the tropia schematic diagram showing the principal part of the record reproduction 
ement of the thin film magnetic head which is the first example of this invention. Although this thin film magnetic 
sad consists of the reproduction section 22 and the Records Department 21, the fundamental concept of this invention 
in the composition of this Records Department 21. first, the first magnetism of this Records Department — a member 
3 makes the function of the shield layer of the reproduction section 22, and the lower magnetic pole of the Records 
epartment serve a double purpose the record gap layer 51 which besides consists of aluminas — arranging — further — 
te second magnetism — a member 31 is arranged the second magnetism - a member 31 specifies the width of face of 
recording track like the conventional magnetic head further — the second magnetism - the third magnetic pole which 
:>mbines a member 31 and the first magnetic pole member magnetically — a member 32 is arranged in a back end 
Dsition, and a magnetic circuit is constituted 

)027] the magnetism which constitutes the Records Department from this invention - the laminating of two or more 
lagnetic thin films is carried out, each of a member is constituted, and while making the magnetic circuit in which 
rong magnetic field generating is possible form from the magnetic member used as the pair formed in the medium 
pposed face by controlling the interrelation of the electromagnetic property of each magnetic thin film, the point is in 
le point of realizing structure of preventing degradation of the RF property by eddy current generating In the 
iminating of two or more of these magnetic thin films, saturation magnetic flux density of the magnetic thin film 
'hich touches the record gap layer 5 1 among the laminating magnetic thin films which constitute this in the magnetic 
lember which touches the record gap layer 51 was first made higher than the saturation magnetic flux density of other 
iminating magnetic-thin-film magnetic films which constitute this magnetic member. Furthermore, the outside 
lagnetic thin film considered the first and the third magnetic member as the arrangement which has permeability 
igher than an inside magnetic film, in view of the record gap layer. In this invention, it is desirable for both saturation 
lagnetic flux density and permeability to have an above-mentioned relation. However, if the latter permeability has an 
bove-mentioned relation when the former saturation magnetic flux density is equivalent, the effect of the part will be 
salized. Moreover, if saturation magnetic flux density has an above-mentioned relation when the latter permeability is 
quivalent, the effect of the part will be realized. 

)028] the first magnetism which specifically consists of a cascade screen of a magnetic thin film 28-1 and a magnetic 
lin film 28-2 in this example - in a member 28, the magnetic thin film 28-2 which touches the record gap layer 51 
onsists of an alloy containing at least 3 elements of Co, nickel, and Fe, Bs (saturation magnetic flux density) is 2.0 
;slas (T), and thickness is 0.5 micrometers The magnetic thin film 28-1 which is not in contact with the record gap 
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m 81 consists of 80 nickel-Fe (the composition ratio nickel 80at(s)% it is the same as that below of; display), and Bs 
1 ,0T and thickness is 2.0 micrometers. Therefore, the magnetic thin film 28-2 which touches the record gap layer 51 
the high magnetic thin film of saturation magnetic flux density from the magnetic thin film 28-1 which is not in 
ntact with the record gap film 81 . 

029] moreover, the second magnetism which consists of a cascade screen of a magnetic thin film 31-1 and a 
agnetic thin film 31-2 - it consists of an alloy with which the magnetic thin film 31-1 which touches the record gap 
yer 81 consists of at least 3 elements of Co, nickel, and Fe about a member 31, and 2.0T and thickness of Bs are 0.5 
icrometers The magnetic thin film 31-2 which is not in contact with the record gap film 51 consists of 46 nickel-Fe, 
5 is 1.6T and thickness is 2.0 micrometers. Therefore, the magnetic thin film 31-1 which touches the record gap layer 
is the high magnetic thin film of saturation magnetic flux density from the magnetic thin film 31-2 which is not in 
mtact with the record gap film 51 . Moreover, in the contiguity field of a pneumatic bearing side, the laminating of 
is second magnetic member is carried out on the record gap layer 5 1 , and the laminating is carried out through the 
sulating layer on a record gap layer (54 of drawing 5 ) in the field which retreated. Although later mentioned about 
awin g 5 as the second example which added the fourth magnetic member, the composition of the portion except this 
the same as that of the first example fundamentally. 

030] Moreover, in the first and third magnetic members, in view of the record gap layer 51, with the point of 
ranging the magnetic film which has outside the property in which permeability is high, the outside magnetic thin 
Im 28-1 has high permeability, and serves as such arrangement from the inside magnetic thin film 28-2 by the first 
>ove-mentioned magnetic member, the same purpose - the third magnetism - the outside of a member ~ the high 80 
ckel-Fe thin film 32-3 - arranging - this third magnetism ~ inside a member, although saturation magnetic flux 
aisity was high, the thin film 32-1 of low 46 nickel-Fe of permeability has been arranged from the magnetic thin film 
? the above-mentioned outside 80 nickel-Fe is [ 2.0 micrometers and 46 nickel-Fe of thickness ] 1.0 micrometers, a 
sld with this third magnetic member near a pneumatic bearing side - the second magnetism - a member - it turned 
e laminating up and the laminating was carried out on the insulating layer which wraps the insulating layer (54 of 
awing 5 ) and thin film coil on a record gap layer in the field which retreated (55 of drawing 5 ), and it is a back 
Dsition still more opposite to this pneumatic bearing side to a record-medium side, and has connected with the first 
lagnetic member _ _ 

)03 1] here - the third magnetic pole - the specific resistance of 46 nickel-Fe applied to the inside magnetic thin tilm 
fa member is 40micro ohm-cm It is [ of having carried out the laminating of the film which has such resistivity ] 
jasonable in preventing generating of an eddy current. It is well known that generating of an eddy current can be 
jduced, so that specific resistance is high. Therefore, application of a film with still higher specific resistance is also 
ssirable. However, there is the need of making it compatible with the conditions about saturation magnetic flux 
snsity Bs, and this inside magnetic thin film is equivalent compared with an outside magnetic film, or it must be made 
i have to have the higher saturation magnetic flux density Bs. 

)032] The reason which needs this condition is because a low and a saturation phenomenon arise [ Bs of an inside 
lm ], and efficiency falls, in case magnetic flux flows from the third magnetic member to the second magnetic 
lember, and it becomes the obstacle of strong magnetic field generating. 

)033] the third magnetism - it faced forming a member 32 and was shown in drawing 1 - as - the point - a 
neumatic bearing side to the throat height delta, and abbreviation - a pattern is prepared so that only an equal distance 
lay be located back This reason is for preventing the case which eliminates the truck information which adjoins by the 
lagnetic field from the third magnetic member arising, concrete - the third magnetism - if about 1 micrometer of 
oints of a member is retreated and they are prepared from the pneumatic bearing side, there will be no possibility that 
uch fault may arise 

3034] the reproduction section 22 of drawing 1 combined with the above-mentioned Records Department 21 - a 
ubstrate 62 top - the ground layer 24 - minding -- magnetism - it is formed from a member 25, an electrode 29, and 
lagnetoresistance-effect element 23 grade the first magnetism - a member 28-1 ~ the time of reproduction - 
lagnetism - it functions as a shield with a member 25 

3035] Moreover, in the above-mentioned composition, it is good also as composition which carried out the laminating 
f the nonmagnetic membrane between aluminum 203, Si02, Ta, etc., and separated magnetically the shield layer of 
le reproduction section 22, and the lower magnetic pole of the Records Department. In this composition, the 1st 
lagnetic member will play a role of a lower magnetic pole of the Records Department. In this example, it is high in 
tie permeability of a shield layer far from a record gap, and it cannot be overemphasized that there is the need of 
flaking high saturation magnetic flux density of the lower magnetic pole near a record gap. Furthermore, if the 
eproduction section is replaced by the substrate, it will become the thin film magnetic head of this invention only with 
he Records Department. 
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036] The structure of the record function part described above is the structure which combines the second magnetic 
smber and the first magnetic member magnetically through the third magnetic member in a position distant from a 
eumatic bearing side, on the other hand, the structure (shown in drawing_5 ) which the first magnetic member and 
3 third magnetic member connect through the fourth magnetic member in a back position - then, it can consider as 
■ucture advantageous to shortening of the element manufacturing process of the thin film magnetic head of this 
vention so that it may mention later 

037] namely, ~ the second example shown in drawjng_5 a record medium and the first magnetism which counters - 
ith a member 28 It connects with a member 28. the second magnetism which has the geometric size width of face 
lich similarly counters with a record medium and specifies the width of face of a recording track ~ the fourth 
agnetism formed from the same laminated structure as a member 31 and the second magnetic member ~ the back 
►sition where a member 34 is distant from a pneumatic bearing side -- the first magnetism of the above ~ further the 
cond magnetism ~ a member 31 and the fourth magnetism ~ the third magnetic pole which combines a member 34 
agnetically - a magnetic circuit consists of members 32 In addition, as already touched, the insulating layer 54 on a 
cord gap layer and the insulating layer 55 which wraps in a thin film coil were also doubled and shown in dr awing 5 . 
n-angement of these insulating layers is the same also in the first example. 

038] This structure has the feature of becoming possible to form the second magnetic member and the fourth 
agnetic member at the same process, thereby -- the second magnetism - a member -- the CMP (chemical machinery 
)lish) process carried out after formation -- the second magnetic member and the fourth magnetism - magnetism 
n / a back position / since the front face of a member is simultaneously exposed ] - a member ~ the connection 
ocess of a between becomes easy and this process can be shortened Cheap magnetic-head manufacture is attained by 
lortening of this process. 

•039] the above-mentioned structure which added the fourth magnetic member - also setting - a magnetic pole - 
hile carrying out the laminating of two or more magnetic thin films and constituting each of a member - each 
agnetism - the same improvement effect in a RF property as the 1st example of the above can acquire by considering 
e interrelation of the property of each multilayer magnetic thin film which constitutes a member and each magnetic 
ember as the same relation as the first example 

1040] in addition, this invention shows to drawing 1 -- as ~ the third magnetism - the third magnetism from the back- 
intact section which a member 32 and other magnetic members connect in a back position - in case a pneumatic 
jaring side is approached along with the magnetic thin film which constitutes a member 32, after making the cross 
iction of this magnetic thin film reduce gradually and making converging section beta form -- the second magnetism - 
it is considering as the configuration connected with a member 3 1 The reason made into this configuration is in the 
Dint of avoiding the saturation of the magnetic flux by having arranged the film of the high saturation magnetic flux 
snsity Bs to the second magnetic member which specifies the width of recording track. That is, the magnetic pole 
Ige alpha becomes easy to be saturated with the bottom of the conditions that Bs of this portion is high, narrowly [ the 
lagnetic-path cross section ]. the result which will bend magnetization changes if a magnetic pole edge is saturated -- 
ecoming -- record -- resolution is reduced and high-density record becomes impossible in order to avoid this problem 
the third magnetism ~ after extracting the cross section of a member by Part beta and maintaining the drawing width 
f face by appropriate length (range), it connected with the second magnetic member, and it adjusted so that the 
mount of drawing might be pressed down in the range with which a magnetic pole nose-of-cam edge is not saturated 
his adjustment is possible with the geometric size of a mask pattern, and thickness can adjust it in the stage of 
lement formation. • * 

3041] the third magnetism ~ in order to adjust a magnetic field which was stated above with the converging section ot 
member - the second magnetism - a member - it extracted as the back end and the relation of a position was 
onsidered the case where both approach extremely ~ the second magnetism ~ it will extract as a member, a position 
/ill approach and the magnetic drawing effect will fade Moreover, when separating too much conversely, the 
arrowed magnetic field declines further and a desired magnetic field is no longer acquired. When both were taken into 
onsideration, the range of 0.5 to 1.5 micrometers was a ** value as the above-mentioned distance. 
D042] Moreover, in the composition which separated the shield layer and lower magnetic pole of the reproduction 
ection, the first magnetic member will play the role of a lower magnetic pole. In this case, 46NiFe films (compared 
/ith a high Bs film, specific resistance rho is high, and permeability mu is high to this high Bs film) have been 
rranged on the film (lower layer film of a high Bs film) which separated to the high Bs film and the record gap to the 
ecord gap side. This composition is also the composition according to the basic composition indicated by the claim of 
his invention, and enters under the category of the fundamental concept of this invention. In addition, in this 
imposition, since it becomes a shield layer and the inclination for a lower magnetic pole to be intercepted 
nagnetically, the influence of the record magnetic field which the reproduction section receives decreases. From this 
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ect, it has the advantage by which a reproduction output is stabilized. 

343] The RF recording characteristic of the thin film magnetic head was shown [ drawing 6 / the thin film magnetic 
ad of this invention, and conventionally ]. Both heads compared with the record element section the case where the 
;ord element section shown in the first example of this invention is used, and the case where the conventional record 
;ment section shown by drawing 4 was used at the reproduction element section, using the same magnetoresistance- 
fect element. Conventionally, in the case of the record element section of a head, the magnetic layer 28 used 80NiFe 
ms, and the magnetic layer 31 used 80NiFe films for 46NiFe films and the magnetic layer 32, respectively. A 
•rizontal axis is record frequency (MHz unit), and a vertical axis is the over- writing property (dB unit) of a signal. It 
is as a result of [ according / this drawing (a) / to the former / according / (b) / to the head of this invention / of a RF 
operty ] measurement, and the RF property was improving sharply by the thin film magnetic head of this invention, 
d the quality regenerative signal 30dB or more was able to be conventionally obtained in the RF record exceeding 
OMHz which has not been realized with a head. 

044] In the field which approaches a record medium in the above example so that clearly The second magnetic 
smber by which the laminating was carried out to the first magnetic member by which the laminating was carried out 
the record medium from two or more magnetic thin films which counter, the record medium, and the record gap 
yer which counters and a record medium from two or more magnetic thin films which counter, A pneumatic bearing 
ie is constituted from an end face of a member, the laminating of the third magnetic member by which the laminating 
as carried out from two or more magnetic thin films is carried out one by one -- making -- and the first magnetic 
ember and the second magnetism - the second magnetic member In the contiguity field of this pneumatic bearing 
ie, a laminating is carried out on a record gap layer. It turns a laminating up. in the field which retreated, the 
minating of the thickness is reduced and carried out through an insulating layer -- having - a proximal region with 
e third magnetic member near this pneumatic bearing side -- the second magnetism » a member -- A laminating is 
crried out on the insulating layer which wraps the insulating layer and thin film coil on a record gap layer in the field 
hich retreated. Furthermore, the magnetic member of the above first and the third magnetic member are connected 
om this pneumatic bearing side in a distant back position contrary to a record-medium side. As for the first and the 
ird magnetic member, an outside magnetic thin film has permeability higher than an inside magnetic film, in view of 
record gap layer. It has higher saturation magnetic flux density, and the aforementioned first which touches a record 
ip layer and the second magnetism - the inside magnetic thin film of a member being compared with other magnetic 
in films which constitute the first and second magnetic members, respectively, and it being equivalent or 
irthermore, the aforementioned magnetism ~ by the thin film magnetic head characterized by having the substrate 
hich supports the thin film coil by which insulating separation was carried out between members, and the magnetic 
ember of the above first, a record gap layer, the second magnetic member, the third magnetic member and a thin film 
>il It was able to compare, when conventionally based on a thin film head, and the RF recording characteristic of 
lagnetic recording was able to be improved sharply. 

•045] Furthermore, shortening of an element formation process was realizable by connecting the first magnetic 
lember and the third magnetic member by the fourth magnetic member, and considering as the structure which forms 
ie fourth magnetic member and the second magnetic member in the same process. 

Effect of the Invention] According to this invention, the thin film magnetic head which is efficient and can generate 
F magnetic flux high magnetic field generating and where an eddy current is inhibited was realizable by constituting 
vo or more magnetic members from two or more multilayer magnetic thin films respectively, and controlling 
lagnetic properties mutual [ these ]. Consequently, in magnetic recording, improvement was sharply [ the RF 
icording characteristic made into the important problem with improvement in recording density ] realizable. 
)047] This performance of the thin film magnetic head of this invention is suitable when realizing record of a RF to 
ie medium of high He (coercive force) suitable for high-density record. 
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